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(54) Inhabiting corrosion 

(57) A method Of inhibiting corrosion of iron and steel alloys in contact with oiUn-brine emulsions is claimed. 
The method comprises treating the oiMn-brine emulsions with an effective amount of a water soluble polymer 
having an average molecular weight of at least one million and sn effective amount of a nitrogen-containing 
corrosion inhibitor. 
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(: - ENHANCED CORROSION VROTE£2m BY : "~ 
USE OF FRICTION REDUCERS IN CONJUNCTION "WITH 
CORROSION INHIBITORS 



Fidd of the Invention 

Tins invention relates to the prevention of corrosion in pipelines used for the 
transport of petroleum fluids. 

5 Background of the Invention 

Pipelines are commonly used for the transport of petroleum products, with steels 
as the most commonly used tubular materials for transport purposes. The pipe employed 
may range from four inches to over forty-eight inches in diameter, and have a minimum 
yield strength rating of 40,000 psL Transported fluids may flow at velocities from 3 ft/sec 

10 to over 60 ft/sec, and may cause pressures on the pipeline to be from atmospheric pressure 
to over 1,500 psL These physical demands wffi have an effect on the constitution of the 
pipeline. Moreover, the presence of water and corrosive impurities in the petroleum 
products such as hydrogen sulfide, carbon dioxide organic acids, leads to corrosion of 
the pipeline. The problem is particularly severe when the pipelines are used to transport 

15 fluids ai high flow velocities. 

In the oilfield, brine, oil and gas make up the petroleum products which may 
travel through the pipe in separate phases or in a stable emulsion. Both conditions win be 
represented by the term oil-in-brine emulsion hereafter. Corrosion increases sharply as the 
salt content of the brine in the oil-in-brine emulsion increases to about 1 5% total dissolved 
20 solids. Low pH brines tend to be more corrosive. Additional factors contributing to 

corrosion wkhin the pipelines concern the makeup of the transported 03, which itself may 
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friction reducer win cause a large decrease in friction at small couueniralions, will be 
inexpensive; and will have high shear, temperature and pressure stability. 

Water-solubl polymers such as pdyaayfamide arc known for reducing pipeline 
friction as disclosed in U.S. Patent No. 3,254,719, the Specification of which is hereinafter 
5 incorporated by reference. Poiyacrylamide has also been combined with dispersing agents, 
as disclosed in U.S. Patent No. 3,542,044 and with other co-polymers as disclosed in U.S. 
Patent No. 4, 152,274. Generally, the polymers are injected continuously into the pipeline. 

Acxylamide polymers, as the term is used herein, includes polymers consisting 
entirely of acryiamide units, winch may be partially hydrofyzed to acrylic acid units. The 

10 term acrylic acid units encompasses the various salts such as the sodium or potassium salt 
form of the acrylic acid. This hydrolysis of amide groups to carboxyiic add groups may 
be conducted using alkaline materials such as sodium hydroxide, ammonium hydroxide; 
soda ash, potassium hydroxide; or quaternary ammonium hydroxide. Optimum partial 
hydrolysis of poiyacrylamide for operation as a friction loss reducer is described in U.S. 

15 Patent No. 5,254,71 9 as 20 to 40 percent hydrolysis of available amide groups. 

Poiyacrylamide may be synthesized as one of three forms: solid, solution or 
emulsion. Dry polymer may be obtained by solution polymerization with a high 
concentration of monomer. The resultant gel can be ground and dried to obtain 
poiyacrylamide m a powdered form. Solution polymerization with up to 1 5% monomer 
20 results in an aqueous solution of polyacryiamide. Lastly, polyacryiamide can be made in 
the form of an aqueous water-ra-oil emulsion The emulsion is formed by utilizing a 
water-in-oil emulsifying agent To this monomer is added a free radical-type 
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that the inhibitors can be injected into the pipeline at much lower concentrations, winch is both 
an economical and environmental advantage. 
The Invention 

The base method of the invention is to prevent corrosion of the metallic surfaces of a 
5 pipeline in contact with an oil-in-brine emulsion of produced fluids being transported under 
turbulent flow conditions comprising adding to the oil-in-brine emulsion flowing through the 
pipeline an effective amount of a water-soluble polymer having an average molecular weight 
greater than one million and an effective amount of a nitrogen-containing corrosion inhibitor. 
The present invention relates to redaction of corrosion by concomitant reduction in 
1 0 turbulent flow in a pipeline for the transport of oil-in-brine emulsions. Suitable fncrion-reducing 
polymers may include, but are not limited to: water soluble anionic, non-ionic, and canonic 
polymers. 

The present invention provides a method for preventing corrosion of the metallic surfaces 
of a pipeline in contact with an oil-in-brine emulsion of a crude oil being transported under 
1 5 turbulent flow conditions characterized by adding to the oil-in-brine emulsion flowing through 
the pipeline 

A. an effective amount of a water-soluble polymer having an average molecular 
weight greater than one million and 

B. an effective amount of a nitrogen-containing corrosion inhibitor- 

20 The anionic treatment polymers useful in the practicing of this invention may be 

homopolymers of acrylic acid, methacrylic acid or maleic anhydride and copolymers containing 
acrylic acid, or methacrylic acid, which copolymers also contain at least one of the monomers 
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from the Hymo Corporation, Japan. Cationic water-sohible polymers may be synthesized 
from monomers of metbacryiare, aoyiale or methaerylamide qnateraary saJts, or 
dialiyldimethylammonium chlorid as faomopolymers or as co-polymers with aayiamide. 
Non-ionic water soluble polymers may be homopolymers of aayiamide or co-polymers of 
5 acrylaimde and other suitable monomers. Water soluble co-polymers of aayiamide and 
acrylic add with from 5 to 95% by weight aayiamide are presently preferred. 

One aspect of the invention is to use a water-soluble co-polymer with a molecular 
wright from 100,000, where the upper Emit of the molecular weight will be limited only by 
the solubiliy of the polymer in solution. Further, the water soluble co-polymer will have a 

10 molecular weight of at least one million Preferentially, the water-soluble polymer will 
have a molecular weight of at least five million. The polymer may be added to the oiUn- 
brine emulsion continuously in an amount of from 25 to 2500 ppm based on the oil-in- 
brine emulsion. Alternatively, the polymer may also be added to the oil-in-brme emulsion 
continuously in an amount of from 50 to 1 000 ppm based on the ofl-in-brine emulsion. 

15 Preferentially, the polymer is added ccntinously to the oil-in-brine emulsion in an amount 
of from 100 to 300 ppm based on the oil-in-brine emulsion. 

The water-soluble polymer can be in powdered form, in the form of a dispersion, 
or in the form of a solution. 

Corrosion inhibitors are enhanced by injection of friction flow reducers into the 
20 pipeline, though other oilfield pipeline additives may also have enhanced activity when 
used in conjunction with friction flow reducers. These other additives include: emulsion 
breakers, antifoams, scale inhibitors, H*S and scavengers, biocides and paraffin/ 
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asphahcneinhibito^ ft-^fcc.n^i^fc,,.^.^ 
salt, alky-sufastitutcd bettrocyde, amide or an imidazoline. 

Acanosioam^horu^btmsznve^ 
O 

5 H 

R -^ C V x,/ 0 ** R 

salt moiety having rae to twenty caiboa atoms. 

Mother corrosion inhibitor useful in this invention is a quaternary ammonium sah 
of the following structure: 

15 R 

I 

R» — N©— R, X" 

wherein R, Rj, and Rs are moieties containing one to twenty-two carbon atoms and Ri is a 
moiety eontainiog on. „ ^ ^ — fc maIM ,^„ all!ybljisn)up 

20 and X is an anion. 

A third type of corrosion mhibitor useful in this invention is an alkyl substituted 
heteroaromatic of the foflowing structure: 
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X* 



I 

wherein R is an alkyi moiety containing one to twenty-two caxb on atoms and R*isa 
moiety containing one to twenty-two carbon atoms and is an alkyi or alkyiaryi group and 

i 

X is an anion. 

10 A fourth type of corrosion inhibitor useful in this invention is an imidazoline of the 



foilcwbg structure: 

I 




R 

wherein R is a moiety selected from the group consisting of benzyl, methyl, and 
carboxylic acid salts, R| is an alkyi moiety containing one to twenty-two carbon atoms and 
20 R^is a moiety selected from the group consisting of alkyi polyammes having one to 
twenty-two carbon atoms, hydrogen and alcohols having one to twenty carbon atoms. 
The imidazoline is oil-soluble; and it is believed that upon exposure to water, it hydrolyzes 
to some extent to an amide. 
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In one aspect of the invention, tlie cboseo corrosion inlljfestor is injected 
s commc^imoi^pipctamo^oTOoffiooloOuiaoOppiL 



He polymer a* ^i^,,^^^^^^ 
rerircatogf^bop^ TK.derfc.Ude^fa.beaen^h^de^i, 
io no mid, by Sia-Uoe Fti and J. Byron Series eeSfa. Xomsioo Stony faDynatfc 

No. 1 17, NACE. Houston, TX (1993). 

Briefly, the device comprises three 1 inch O J>. stainless steel lines, an autoclave as 
a fluid reservoir, a high horsepower centrifugal pun* and marry process regula^g 
15 devices. Sampling is effected by carbon steel coupons mourned on specimen holders 
placed venically in the center of the flow stream, n^umed at 

pipe such that test fluids flow t^te^^fc^^.^^^^ 
inner wall. 

Thetestflxudisamau^wtechcoitsistsof 5% NaG solution and kerosene in a 
20 Mn^**^cSUMcaa^ Oxygen was expelled from the flow loop and 
as well as from the synthetic brine solution (through CO, sparging) prior to each test. 
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Test fluids were preheated to as operating temperature of 74°C, and an peratmg 
pressure of 35 psi was utilized. A pre-detexmmed amount of the polymer and corrosion 
inhibitor combination was injected into the flow loop. This amount was calculated based 
on the total fluid volume to give the same concentration as would be used in the field. 
5 Since the flow loop is a dosed system, the concentration of inhibitors in the fluid remains 
unchanged. This is equivalent to a continuous injection of inhibitor into the pipeline* 

The test consisted of treating the test fluids with the test inhibitor/polymer 
combination and r e circ ulatin g the resulting solution under pressure through the flow loop 
system for several hours at the operating temperature. Three different velocities were 
io used for tesing each polymer and/or water-sohible corrosion inhibitor. Following each 
test* the coupons were removed and the corrosion products were scraped from the 
surface. The corrosion rate was determined from the measured weight loss of the test 
coupons. 

Example 1 

15 Samples of various water-soluble polymers were evaluated in the flow loop system 

described earlier with results as reported in Table I Each polymer was tested at a dosage 
of 1 50 ppm. A lower corrosion rate number indicates that some inhibition of the 
corrosion process has occured. As illustrated by Table I, the anionic latex demonstrated 
the greatest corrosion inhibition, but the cationic and dispersion polymers also reduced 

20 corrosion to a certain extent These results can be compared to data from two blank 
reactions, illustrated by rows one and two. There, much higher corrosion rates were 
evident than when the various polymers wer added. 



11 



JUL-23-97 11:53 FROM : RTI S R^EDFAX 



ID : 70 3 4 18 033 1 



PAGE 14/24 



TABLE I 
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when the 



i much greater 



water soluble polymer is added m conjunction with 



amount of inhibition 



with the conosiou inhibitor alone, The synergy of the 
conjunction with a faction flow reducer is evident at , 



a corrosion inhibitor than 



use of the corrosion inhibitor i 
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i «ch of the three tested velocities. 

« Row seven illustrates a blank eenr^m— - 

™* OC P cnraent «» which neither corrosi, 

soluble polymer were added, to establish 



ion inhibitor nor water 



mraaf rates of corrosion. Those values were in 
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from 700-800 mpy to 30-50 mpy are obtained by the practice of this isvetmon, the 
combination of water soluble co-polymers and corrosion inhibitors 

TABLE n 









CvuumDD Rates (mpy) 




Dosage 
ppm 


Aayiznide/Aayiic 
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Velocity m 
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none 


none 
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k 70/30 jnole tmght ratio 



5 A te caxboxylic acid salts of pohramfdoannses 

B M mixture of Alky 1 Pyridine benzyl chloride quaternary salt and imidazoline qnaiernaiy salt 
C 9 aovlic add addaa of imidazoline 

Example 3 

The water-soluble canonic dispersion polymers were tested in the presence of a 
io corrosion inhibitor using the flow loop system described above, with results as reported in 
Table EH. 

Row four illustrates a blank experiment in which neither corrosion inhibitor nor 
water soluble polymer were added, to establish initial rates of corrosion. Those values 
were in the range of 900- 1 100 mpy. For comparison purposes, corrosion reduction by the 
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concstea inhibitor* the absenee afffiction flow xrdudng water soluble cD**«r« 
listed in row three. Row two shows that canonic dispersion polymer A in combination 
with the corrosion inhibitor increases the corrosion reduction over corrosion inhibhor 
alone. Thus, this polymer demonstrates the synergy of friction flow reducers and 
5 corrosion inhibitors. 



TABLE m 




gnome dispersion polymer, 54% imahfrnsBoabyi nxc tol^ (sulfimc aod salt) LdZ>A 
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quaternary. 1 0% dnrasirjtimmoetiryl aoyJaic jaohji djlondc qna£m^ 
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CLAIMS 

1 . A method for preventing corrosion of the 
metallic surfaces of a pipeline in contact with an oil- 
in-brine emulsion of a crude oil being transported under 
turbulent flow conditions characterized by adding to the 
oil-in-brine emulsion flowing through the pipeline 

A. an effective amount of a water-soluble polymer 
having an average molecular weight greater than 
one million and 

B. an effective amount of a nitrogen- containing 
corrosion inhibitor. 

2. The method of claim 1 characterized in that the 
water-soluble polymer is selected from the group 
consisting of polyacrylamide and co-polymers of 
acrylamide and acrylic acid having from 5-35% by weight 
acrylamide, said polymer having an average molecular 
weight greater than five million. 

3 . The method of claim 2 characterized in that 
from 25 to 2500 ppm of the polymer is added to the oil- 
in-brine emulsion. 

4. The method of claim 3 characterized in that 
from 25 to 2500 ppm of the corrosion inhibitor is added 
to the oil-in-brine emulsion and the corrosion inhibitor 
is selected from the group consisting of quaternary 
ammonium salts, allcyl -substituted heterocyclics, amides 

and imidazolines . 

5. The method of claim 4 characterized in that the 
quaternary ammonium salt has the following structure: 
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Rj N® R x X 

R* 

where R, R*, Rs and R, are moieties containing one to 
twenty- two carbon atoms selected from the group 
consisting of alkyl, aryl and alkylaryl groups and X is 
an anion. 

6. The method of claim 4 characterized in that the 
alkyl-substituted heterocyclic has the following 
structure : 



i H 

HC C R x- 



® 
I 

Rz 



where R is an alkyl moiety containing one to twenty- two 
carbon atoms and ^ is a moiety containing one to twenty- 
two carbon atoms selected fron the group consisting of 
alkyl and alkylaryl and X is an anion. 

7. The method of claim 4 characterized in that the 
amide has the following structure: 

0 
II 

. C CH 2 N R 
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where R is a moiety containing eight to twenty carbon 
atoms selected from the group consisting of saturated and 
unsaturated allcyls and R x is an alkyl polyamine earboxylic 
acid salt moiety having one to twenty earbon atoms. 

8. The method of claim 4 characterized in that the 
imidazoline has the following structure: 




R 

wherein R is a moiety selected from the group consisting 
of benzyl, methyl and carboxylic acid salts, R x is an 
alkyl moiety containing one to twenty-two carbon atoms 
and R 2 is selected from the group consisting of alkyl 
polyamines having one to twenty- two carbon atoms, 
hydrogen and alcohols having one to twenty carbon atoms. 

9. The method of claim 2 characterized in that 
from 50-1000 ppm of the polymer is added to the oil-in- 

brine emulsion. 

10. The method of claim 9 characterized in that 
from 50-1000 ppm of a corrosion inhibitor is added to the 
oil-in-brine emulsion and the corrosion inhibitor is 
selected from the group consisting of quaternary ammonium 
salts, alkyl- substituted heterocyclics, amides and 
imidazolines . 
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11- The method of claim io characterized in that 
the quaternary ammonium salt has the following structure: 

R 3 — Re x- 

** 

where R, R lf and R, are moieties containing one to 
twenty- two carbon atoms selected from the group 
consisting of alkyl, aryl and alkylaryl groups and x i s 
an anion. 

12. The method of claim 10 characterized in that 
the alkyl-substituted heterocyclic has the following 
structure: 

HC C R x- 

V 

k 

where R is an alkyl moiety containing one to twenty- two 
carbon atoms and Rj is a moiety containing one to twenty- 
two carbon atoms selected from the group consisting of 
alkyl and alkylaryl and X is an anion. 

13. The method of claim io characterized in that 
the amide has the following structure: 

fi 

H 
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where R is a moiety containing eight to twenty carbon 
atoms selected from the group consisting of saturated and 
unsaturated alkyls and Rx is an alkyl polyamine earboxylic 
acid salt moiety having one to twenty carbon atoms. 

14. The method of claim 10 characterized in that 
the imidazoline has the following structure: 




R 

wherein R is a moiety selected from the group consisting 
of benzyl, methyl and earboxylic acid salts, R x * s 311 
alkyl moiety containing one to twenty- two carbon atoms 
and R 2 is a moiety selected from the group consisting of 
alkyl poly amines having one to twenty- two carbon atoms, 
hydrogen and alcohols having one to twenty carbon atoms. 

15. The method of claim 2 characterized in that 
from 100-300 ppm of the water soluble polymer is added to 
the oil-in-brine emulsion. 

16. The method of claim 15 characterized in that 
from 100-200 ppm of the corrosion inhibitor is added to 
the oil-in-brine emulsion and the corrosion inhibitor is 
selected from the group consisting of quaternary ammonium 
salts, alkyl -substituted heterocycles , amides and 
imidazolines . 
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17. The method of claim 16 characterized in that 
the quaternary ammonium salt has the following structure; 



f 

Rj— N R. x~ 

(• 

where R. R,, R, ^ Rj m contaijiing ^ ^ 

twenty- two carbon atoms selected from the group 
consisting of alkyl, aryl and alkylaryl groups and X is 
an anion. 

18. The method of claim 16 characterized in that 
the alkyl-substituted heterocyclic has the following 
structure: 

.CH 

IT 

HC C R , 



\ 



where R is an alkyl moiety containing one to twenty- two 
carbon atoms and R, is a moiety containing one to twenty- 
two carbon atoms selected from the group consisting of 
alkyl and alkylaryl and X is an anion. 

IS- The method of claim i 6 characterized in that 
the amide has the following structure: 
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0 

C CHj N — R 

H 

where R is a moiety containing eight to twenty carbon 
atoms selected from the group consisting of saturated and 
unsaturated alkyls and R» is an alkyl polyamine carboxylic 
acid salt moiety having one to twenty carbon atoms. 

20. The method of claim 16 characterized in that 
the imidazoline has the following structure: 




wherein R is a moiety selected from the group consisting 
of benzyl, methyl and carboxylic acid salts, R x is an 
alkyl moiety containing one to twenty-two carbon atoms 
and R 2 is a moiety selected from the group consisting of 
alkyl polyamines having one to twenty-two carbon atoms, 
hydrogen and alcohols having one to twenty carbon atoms. 

21. A method substantially as herein described 
with particular reference to the examples. 
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